Results obtained with the technique of Sakakibara and Konno for transvenous biopsy of right ventricular endomyocardium are described. The instrument consists of a metal catheter which bears two 2 X 2.5 mm biopsy spoons at ils tip and is introduced into the right ventricle through the use of standard techniques of right-heart catheterization. This simple and safe technique was enployed in 28 patients with a variety of myocardial diseases of known d unknown etiology. Satisfactory specimens, usually multiple, were obtained in all 25 patients in whom the instrument could be introduced into the rigM ventricular cavity. Complications were minimal and the procedure was acceptable to the patients.
a certain morbidity and mortality. Moreover, consistent success in obtaining biopsy specimens has not been achieved with these techniques.
This article presents our experience with 28 patients in whom myocardial biopsies were attempted with the use of the Bioptome catheter technique of Sakakibara and K o n n~.~-l~
The biopsy was successful in 25 patients, and the procedure proved simple, safe, readily acceptable by the patients, and devoid of significant complications. Although this method has been employed in Ja~an,~-'O Brazil," and Uganda,12 this report is the first to describe its use in the United States.
Patients Studied
The 28 patients in whom the procedure was attempted ranged from 13 to 90 years; 19 were men and 9 were women. Clinical diagnoses (Table 1 ) included myocarditis, familial and alcoholic cardiomyopathy, thyrotoxic and myxedematous heart disease, sarcoid involvement of the heart, leukemic infiltration of myocardium, and heart diseases of unknown etiology.
Instrument Used
The metal catheter, which is trade-marked "Endomyocardial Bioptome,"' resembles a semiflexible tube (Fig 1 ) . It is 110 centimeters long. On its proximal end are mounted a ring-'Manufactured by Tonokura Medical Industry Ltd., Tokyo and supplied by Tokyo Hospital Supply Inc., Tokyo, Japan. 
Procedure
Patients fasted for eight hours before the procedure. Meperidine hydrochloride ( 5 0 mg) and promethazine hydrochloride (25 mg) were given intramr~scularly 30 minutes before the procedure in several patients. The right saphenous vein was used in 27 patients and the right antecubital vein in one. Patients were prepared in the same way as for cardiac catheterization and all biopsy procedures were performed in the cardiac catheterization laboratory. The Bioptome, with its tip set in closed position, was introduced into the vein and under constant fluoroscopic control, advanced into right atrium and right ventricle. Once there, an attempt was made to keep the tip towards either the apex, ventricular septum or diaphragmatic surface of the right ventricle, depending on the site selected for biopsy. The knurled knobs were then loosened and the sliding assembly was pushed down using the index and middle fingers while the thumb was anchored in the handle. With the tip thus opened, the instrument was further advanced and pressed against the endocardium. Attention was then given to lead V1 of the electrocardiogram on the monitor oscilloscope. It was made certain that contact of the tip with endocardium produced premature ventricular beats of left bundle branch block morphology. This ensured that the tip wa9 in the right ventricle and not in the coronary sinus, and that right bundle branch block would not occur during biopsy. The sliding assembly was pulled back, while firm pressure was kept against the endocardium, the biopsy spoons were brought together and a piece of underlying myocardium was taken. The knurled knobs were then tightened and the Bioptome was pulled away from the endocardial surface and removed from the vein. The tip was opened and the specimen gently removed and placed in glutaraldehyde. The whole procedure was repeated two or more times in most patients and in one patient five biopsies were taken. The specimens were examined by light and electron micro- 
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scopes. When clinically indicated, the specimens were cultured for bacterial and viral growth.
One or more pieces of endomyocardium were obtained in each of the 25 patients in whom the right ventr.icle was entered by the catheter. The biopsy specimens measured 2 X 2.5 mm and were not distorted. One patient developed momentary S-T elevation in leads 11, 111, and aVF and one displayed isolated loss of R wave in VI, Vz, and V3. Three patients developed right bundle branch block during manipulation of the instrument and in one of them the conduction disturbance lasted four weeks. Except for the latter patient, all electrocardiographic changes returned to baseline within 24 hours. The patient with myxedema died of acute hemorrhagic pancreatitis 12 hours after the biopsy, but no relationship between this problem and the biopsy could be established. Necropsy examination showed no cardiac perforation and no evidence of any other trauma to the heart. In fact, the sites of the three myocardial biopsies were so small that they could not be identified.
In the remaining three patients the biopsy procedure was unsuccessful because of inability to introduce the instrument into the inferior vena cava (two patients) or across the tricuspid valve orifice (one patient). It is likely that the biopsy would have been successful if these patients had had large enough veins in the arm so that the procedure a u l d have been attempted from that approach.
The safety of the Bioptome catheter technique for endomyocardial biopsy compares favorably with that of other techniques. Pericardial tamponade, hemothorax and pneumothorax did not occur. Ow success rate was 100 percent in the 25 patients in whom the instrument could be introduced into the right ventricular cavity. Our overall success rate in the entire group of 28 patients was 90 percent, as compared with figures of 76 percent,13 60 p e r~e n t ,~ and 100 percentlo reported with other techniques. Our experience with the Bioptome catheter technique is similar to that reported by Sakakibara and Konno,lo who obtained myocardial biopsies in 160 patients without death or serious morbidity, and by Somers and co-worker^'^ whose 64 patients were biopsied without complications.
Any patient who can undergo right heart catheterization can tolerate this biopsy procedure. Any patient with heart disease of undetermined etiology is a potential candidate for the procedure, which may be of particular value when inflammatory, degenerative and infiltrative diseases of the endomyocardium are suspected. General contraindications are those of right heart catheterization. The biopsy specimens, which measure 2 x 2.5 mm in size, can be subjected to bacteriologic, viral, histochemical, immunologic, and enzymatic studies in addition to light and electron microscopy. Correct diagnosis made via endomyocardial biopsy may be helpful in selecting correct treatment, and serial biopsies may be useful in following the course of disease processes and in gauging the effectiveness of therapy.
The diagnostic value and specificity of the specimens obtained by this technique deserve comment. Inclusion of endocardium in the specimen increases the probability of obtaining a diagnostic sample since some cardiac diseases involve only endocardium. For example, this technique is ideal for studying endomyocardial fibrosis. 13 The usefulness of this technique can be increased further by the ease of obtaining multiple specimens from different areas of right ventricle and by inclusion of left ventricular endomyocardium in future biopsies. It is hoped that the diagnostic yield by endomyocardial biopsy will be high, especially in diseases such as hemochr~matosis,'~ cardiac glycogenosis,15 cardiac amyloid~sis,~"ardiac sarcoidosis,17 and endocardial fibroelastosis.
The reproducibility of the diagnostic findings from each of several specimens from the same patient appears good, as suggested by the finding of identical lesions in each of several specimens from the same patient.
Premature ventricular beats occurred in the majority of patients when the instrument came in contact with right ventricular endocardium. Other electrocardiographic changes also appeared to be direct results of contact of the instrument with right ventricular endocardium. The development of right bundle branch block during right heart catheterization is not uncommon. Right bundle branch block occurred in three patients during manipulation of the catheter but not during the actual biopsy. It is not clear why this conduction disturbance persisted long after the procedure in one patient. Elevation of S-T segments was observed only in one patient. It occurred in leads 11, 111, and aVF whenever the catheter was pressed against the endocardium of any of the endocardial surfaces of the body or outflow tract of right ventricle. The S-T elevation was transient and receded as soon as the instrument was withdrawn. This phenomenon is difficult to understand and probably represents traction ex- Immediate and longterm follow-up of these patients has not revealed evidence of thromboembolic phenomena, severing of chordae tendineae or papillary muscles, or of perforation either through right atrial wall, tricuspid valve leaflets, right ventricular wall or ventricular septum.
